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(54) METHOD FOR CUTTING BRITTLE MATERIAL, MORE PARTICULARLY FLAT PROCESSED ARTICLES 
MADE OF GLASS AND DEVICE THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for cutting a flat 
processed article, for example, a glass sheet thicker than 0.2 mm, without 
the occurrence of microcracks and the breaking or Assuring of glass and a 
device therefor. 

SOLUTION: This method consists in a) heating the cutting line 2 with a 
heat radiation spot 3 symmetrical with the cutting line, which heat radiation 
spot has end edge parts 18, 19 having the intensity of the relatively large 
radiation as compared with the intensity of the radiation thereof and has 
the max. point of the temp, at the rear end of the heat radiation spot and 
b) moving the heat radiation spot 3 along the cutting line 2 and/or the 
processed articles. The method includes c) a stage for cooling the part of 
the cutting line heated by heating of the stage a). The end edge parts of 
heat radiation spot coincide with a V-shaped or U-shaped curve 4 opened 
at the front end of the heat radiation spot in the moving direction of the 
heat radiation spot 3 and/or the processed article and the max. point of 
the temp, described above is locally arranged on the peak part 1 6 of the V-- 
shaped or U-shaped curve 4 on the cutting line and is below the melting 
temp, of the processed article. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the approach of cutting the flat workpiece manufactured with the weak ingredient along with a 
predetermined cutting plane line Said approach heats a cutting plane line by the thermal radiation spot of the symmetry 
to this cutting plane line including the following step. Said thermal radiation spot has the edge part which has the 
strength of the large radiation in comparison as compared with the strength [ the inside ] of radiation. And in the back 
end section of a thermal radiation spot, have the apex of temperature, and b thermal radiation spot is moved along with a 
cutting plane line and/or a workpiece. And the process which cools the part of the cutting plane line heated by said 
heating of the c process a is included. The edge part of a thermal radiation spot carried out opening in the front end 
section of a thermal radiation spot in the thermal radiation spot (3) and/or the migration direction of a workpiece. The 
approach which it agrees with the curve (4) of V typeface or U typeface, and the apex of said temperature is locally 
located on the peak part of the curve (4) of V typeface on a cutting plane line, or U typeface, and is below the melting 
temperature of a workpiece. 

[Claim 2] The approach according to claim 1 a weak ingredient is glass. 

[Claim 3] The approach according to claim 1 a thermal radiation spot has the width of face of within the limits from 
0.5mm to 2mm. 

[Claim 4] The approach according to claim 1 a thermal radiation spot has the die length of within the limits from 10mm 
to 30mm. 

[Claim 5] The approach according to claim 1 the edge part of the thermal radiation spot which has the strength of the 
large radiation in comparison has a parabolic configuration. 

[Claim 6] The approach according to claim 1 a thermal radiation spot is symmetrical V typeface which has the two legs 
which extend from a peak part and this peak part. 

[Claim 7] The approach according to claim 1 have the configuration where the cutting plane line curved, and it is 

provided by the thermal radiation beam to which a thermal radiation spot collides with a workpiece, and a thermal 

radiation beam has the profile adjusted according to the configuration where the cutting plane line curved. 

[Claim 8] The approach according to claim 7 a thermal radiation beam is drawn by two dimensions along with a cutting 

plane line, and a thermal radiation spot extends in a longitudinal direction along with said cutting plane line. 

[Claim 9] Furthermore, an approach including generating a thermal radiation spot by scanning a laser beam according to 

claim 8. 

[Claim 10] Furthermore, an approach including scanning a laser beam along the path of an ellipse form according to 
claim 9. 

[Claim 11] Furthermore, an approach including covering or arranging the diaphragm in the path of a laser beam, since 
the field heated by radiation of V typeface or U typeface on a workpiece is generated according to claim 10. 
[Claim 12] Furthermore, an approach including turning on and turning off a laser beam, since the field heated by 
radiation of V typeface or U typeface on a workpiece is generated according to claim 10. 
[Claim 13] It is equipment which cuts the flat workpiece manufactured with the weak ingredient along with a 
predetermined cutting plane line. Equipment with which said equipment consists of the following : It has an optical 
means for generating a thermal radiation spot on a flat workpiece. Said thermal radiation spot is symmetrical to a 
predetermined cutting plane line, and the edge part of a thermal radiation spot has the strength of the large radiation in 
comparison by that cause as compared with the inside. And the thing for which a thermal radiation spot has the apex of 
temperature in the back end section, and said optical means has a source of thermal radiation, and at least one optical 
member; further A means to cool the part of the cutting plane line heated by the means; thermal radiation spot which 
meets and moves a thermal radiation spot to a cutting plane line and/or a workpiece; Since an optical means and/or the 
source of thermal radiation generate said thermal radiation spot, it is formed. It agrees with the curve (4) of V typeface 

http://ww4.ipdl.jpo.go.jpfc^ 9/9/2004 



Page 2 of 2 



in which the edge part of a thermal radiation spot carried out opening in the thermal radiation spot and/or the migration 
direction of a workpiece in the front end of a thermal radiation spot, or the tip of a thermal radiation spot by that cause, 
or U typeface. And equipment which the apex of the aforementioned temperature is locally arranged on the peak part of 
the curve (4) of V typeface on a cutting plane line, or U typeface, and is below the melting temperature of a workpiece. 
[Claim 14] Equipment according to claim 13 with which the workpiece is manufactured with glass. 
[Claim 15] Equipment according to claim 13 which generates the laser beam (7) in which the source of thermal 
radiation is laser, and said laser generates said thermal radiation spot (3). 

[Claim 16] Equipment according to claim 15 which forms said thermal radiation spot (3) at which it has two 
synchronized rotatable mirrors (8 9) which rotates at right angles to mutual in order that at least one aforementioned 
optical member may lead said laser beam (7) to the front face of said workpiece (1), and said edge part is equivalent to 
the curve (4) of V typeface or said U typeface by that cause. 

[Claim 17] Equipment containing the common control and the common adjusting device (11) which were connected 
with the driving gear for both rotatable mirrors (8 9) of the above [ said optical means ], and the driving gear of a 
rotatable mirror including a means to control said mirror (8 9) in order to draw said laser beam according to claim 16. 
[Claim 18] Equipment according to claim 17 which drives the rotatable mirror (8 9) of the above [ said driving gear and 
said adjusting device ] in the rotation frequency of within the limits from 500Hz to 2000Hz. 
[Claim 19] Equipment including a means to rotate a mirror wheel (14) so that the mirror wheel (14) which has the 
reflector (15) where it curved for said optical means to reflect a laser beam (7), and the part by which the laser beam 
was reflected may draw on a workpiece the path where U typeface or V typeface curved once [ at least ] among one 
revolution of a mirror wheel according to claim 15. 

[Claim 20] Equipment according to claim 19 with which a means to rotate a mirror wheel rotates a mirror wheel with 
the rotational frequency of within the limits from 500Hz to 3000Hz. 

[Claim 21] Equipment according to claim 19 with which an optical means includes a means by which a laser beam 
changes the strength of a laser beam (7) while the curved path of the above on a workpiece scans so that distribution of 
the strength of arbitration may occur along the path where U typeface or V typeface curved. 

[Claim 22] Equipment containing the optical element in which an optical means forms a beam according to claim 15. 
[Claim 23] Equipment according to claim 15 with which laser has the TEM01 mode and the edge part of the strength in 
comparison with a large optical means contains the diaphragm for covering a part of laser beam so that it may pass 
along the path where V typeface or U typeface curved. 

[Claim 24] Equipment according to claim 13 which is the metal contact head by which a means to cool was cooled. 
[Claim 25] Equipment according to claim 13 whose a means to cool is reaction control equipment, a liquid injector, or 
liquid spray equipment. 

[Claim 26] Furthermore, equipment [ equipped with the means (21, 24, 25) to which the profile of a thermal radiation 
beam is fitted according to the configuration where the predetermined cutting plane line curved while cutting a 
workpiece ] according to claim 15. 

[Claim 27] Equipment including a means by which the means to which the profile of a thermal radiation beam is fitted 
according to a curve line controls rotation movement of a rotatable mirror (8 9), a means (12) to control the path of the 
thermal radiation spot on a workpiece, and a means to combine a means to control said path with said means to make 
said path suit for the profile of a thermal radiation beam according to claim 26. 

[Claim 28] Equipment according to claim 27 which has the mechanical slewing gear combined with said means by 
which have a means to position the cooling spot (5) on the workpiece with which a means to cool follows the thermal 
radiation spot on a workpiece (3), and a positioning means controls rotation movement of a rotatable mirror (8 9). 
[Claim 29] A means to control rotation movement of a rotatable mirror (8 9) It is controlled so that one mirror of said 
mirrors (8) rotates along with a cutting plane line (2) regardless of the cutting direction. And equipment according to 
claim 27 which rotation movement of one another rotatable mirror (9) perpendicular to one mirror of said mirrors (8) 
was controlled by the local curvature of a predetermined cutting plane line, and is equipped with the still more pivotable 
bearing for [ said ] mirrors (8 9). 

[Claim 30] Furthermore, equipment [ equipped with a means to position said cooling spot (5) prepared on the 
aforementioned pivotable bearing ] according to claim 28. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In the approach of cutting an ingredient with weak this invention, especially glass along with a 
predetermined separation line This separation line is heated by it and the symmetrical thermal radiation spot, and have 
the edge part which has the strength of the thermal radiation to which said thermal radiation spot was raised, and it has 
the apex of temperature in the back end section of a thermal radiation spot. It is related with the approach by which the 
part of the cutting plane line which the heated field was moved along with the cutting plane line and/or the workpiece, 
and was heated after that is cooled. Moreover, this invention relates to the equipment for enforcing this approach. 
[0002] 

[Description of the Prior Art] The approach of the common use which cuts flat glass is based on the thing which 
extended on point ** glass by the diamond or the cutting wheel and for which it scratches and a flaw is put in, in order 
to cut along the field which scratched according to the force of acting mechanically from the exterior later, and was able 
to be weakened from the flaw. In this approach, the inconvenient particle (fission part) which may carry out deposition 
on glass, may scratch further, and may produce a flaw arises on a front face. The fragment of the glass which curved 
similarly is generated on the amputation stump edge, and the glass edge which was uneven for these fragments occurs, 
therefore remarkable costs are needed after an activity. A possibility of the capacity to bear mechanical stress in an 
amputation stump edge for the minute destruction produced while it scratches and a flaw moreover occurs decreasing, 
namely, damaging increases. 

[0003] By cutting glass using the stress and distortion which were generated thermally, the remarkable advance for 
avoiding generating of a crack and a glass fragment and a minute crack was acquired. In this approach, the heat source 
led to glass is moved with constant speed in the upper part of glass, the large thermal stress and the distortion in 
comparison occur, consequently a crack is formed in glass. It has locally the necessary heat-source property which can 
be positioned for heat energy as it is also at a precision better than the millimeter by which an infrared heat source, a 
special gas burner, especially laser are equivalent to a typical necessary cutting precision. Distribution of the power and 
laser radiation which are applied through the inside of glass and glass for the capacity which converges on glass in a 
laser beam is controllable to satisfaction enough. 

[0004] Glass is heated along a cutting way by laser radiation, the melting temperature of glass is held for temperature in 
the meantime, and the method of scratching on glass and putting in a flaw is indicated by the German patent No. 
1,244,346 specification. Glass is cooled after the heating and it is cut by bending or the impact. Furthermore, glass can 
be heated more highly than melting temperature so that a detailed crack or destruction may fuse completely. 
[0005] The approach glass receives the operation by two laser beams is indicated by the British patent No. 1,433,563 
specification. One side of these laser beams has energy low in comparison, and is used for a preheating. 
[0006] The process which the stress field which has the temperature of 250 degrees C, and where it moves generates in 
glass in the air by the laser beam is indicated by the German patent No. 4,41 1,037 specification. By scratching after 
installation of the stress field substantially arranged on the transit way which is put to the strength of the greatest laser 
beam, therefore has the highest temperature, and a path, and carrying out short contact of the point or the tip with the 
front face of glass in the air, the short beginning scratches and a flaw is generated mechanically. It is cooled by the cloth 
or web which absorbs a liquid, and a thermal shock, therefore stress increase by that cause, consequently this stress field 
is scratched at the time of a start, and a flaw cuts it, or it produces a crack. 

[0007] A thick cutting process for steel plates which uses the laser beam of a ring mode for a U.S. Pat. No. 5,237,150 
specification in order to protect a focusing lens is indicated. When this laser beam collides with a lens, a laser beam is a 
ring-like and, thereby, the energy of a laser beam is distributed on the front face in comparison where a lens is larger 
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than the time of a punctiform (point-like) laser beam colliding with a lens. Therefore, the local heating of a lens 
ingredient is avoided. However, it converges as a point or a spot on a workpiece with a focusing lens in itself [ beam ]. 
Since the ring-like beam is made into the "point" ("point") of cutting steel materials as "a cutting point" ("cutting point") 
along with a cutting plane line, at the obtained spot, the strength [ an edge field ] of radiation does not increase like [ in 
the case of a ring-like spot ]. 

[0008] The laser beam of a ring mode TEMo is used similarly. This laser beam converges on punctiform on a workpiece 
in an approach given in the European Patent No. 0062484 specification. However, if a laser beam converges like a 
point, the maximum of strength will coalesce in this point. In order that a laser beam may converge on the front face of a 
workpiece, it evaporates to the depth with glass. The remainder of glass is heated more highly than the melting point. 
The vaporized glass ingredient is removed by gas. 

[0009] About the approach and equipment with which the Germany public presentation official report No. 4305107 cuts 
glass by the laser beam, a laser beam is divided into two parallel beams by that cause, and these beams act on glass 
symmetrically at a cutting plane line. With the equipment of this form, an exact stage (+0.1mm) is not brought about, 
but a cutting object advances so that between the transit ways of both beams may be sewn. 

[0010] The approach of a publication is using the laser beam of an ellipse form for the international public presentation 
WO 93/No. 20015 official report. In the charge of a nonmetal plate, this approach cannot ensure exact cutting along the 
straight curved path, although it can scratch and a good result can be obtained by the flaw or the crack. Moreover, the 
stability of the cutting path in this approach is inadequate in high radiant density and high cutting speed. Heating 
according [ this ] to laser has the cross section of an ellipse form, this occurs within limits with the very narrow 
Gaussian distribution of radiant density, and, thereby, the temperature from a perimeter part to a center section is for 
increasing dramatically. When the central field of the radiation part of a workpiece is overheated by heating of a 
workpiece, namely, the softening temperature of an ingredient is exceeded (this is not allowed in precision cutting), it is 
very difficult to obtain the deep heat check which scratched and was stabilized by the flaw and the stable power flux 
density. 

[001 1] The technical level of the approach nearest to the technical level of this invention is indicated by the international 
public presentation WO 96/No. 20062 official report. An ingredient weak against this reference, especially the flat 
workpiece of glass by the thermal radiation spot symmetrically arranged on a cutting plane line The approach of cutting 
along with a predetermined cutting plane line is indicated. A thermal radiation spot It has the strength of the radiation 
which increased in the edge field which has the apex of temperature in the back end section, the field heated by that 
cause is moved along with a separation line and/or a workpiece, and a part for the separation line part by which 
afterbaking was carried out is cooled. These descriptions are indicated by the premise section of the claim of the main 
approaches. 

[0012] In [ this ] being well-known, the heating field of an ovoid or an ellipse form has the minimum value of the 
strength of radiation to the inside of an ellipse form. This "cutting spot" carries out a two-times crossover with a 
separation line, namely, crosses in the front end section and the back end section of an ellipse form. Carrying out a deer, 
inadequate temperature distribution arise [ therefore ] as a result as shown in drawing 1 of this international public 
presentation official report. Unnecessary heating has already occurred in the anterior part of the cutting field of an 
ellipse form, and it progresses in the cutting direction near the cutting plane line for front cutting. 
[0013] High heating will be superfluously performed on the center section of the cutting field, i.e., a cutting plane line, 
the strength of a laser beam will be [ near a cutting plane line ] very high, and melting of the glass will already be 
carried out under the situation in the edge of a combustion zone at which temperature has reached the peak price. 
Moreover, in this approach, only cutting of the glass which has the thickness to 0.2mm can be performed. Because, 
melting will happen, therefore cutting will be interrupted for the power of a required higher beam. In the case of the 
thicker glass of thickness, only a crack occurs on glass. 
[0014] 

[Means for Solving the Problem] one purpose of this invention is to offer the approach and equipment which can cut the 
flat workpiece which is comparatively alike and has large thickness especially, for example, the glass which has larger 
thickness than 0.2mm, without producing the fragment of a minute crack and glass, or fission. Moreover, in the case of 
thick glass, the larger cutting depth than the cutting depth obtained by other approaches is obtained. 
[0015] According to this invention, the approach of cutting a weak ingredient, especially the flat workpiece 
manufactured with glass along with a predetermined cutting plane line So that it may have the strength of the large 
radiation in comparison as compared with the strength of radiation of the edge part of :a thermal radiation spot which 
consists of the following step of the interior and may have the apex of temperature in the back end section of a thermal 
radiation spot A cutting plane line is heated together by the thermal radiation spot of the symmetry to a cutting plane 
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line, b) moving the heated radiation spot along with a cutting plane line and/or a workpiece, cooling the part of the 
cutting plane line heated by heating of the c process a, and here The edge part of a thermal radiation spot agrees with the 
curve (4) of V typeface which carried out opening in the thermal radiation spot (3) and/or the migration direction of a 
workpiece in the anterior part or the front end section of a thermal radiation spot, or U typeface. And the apex of 
temperature is locally arranged on the peak part of the curve (4) of V typeface on a cutting plane line, or U typeface, and 
is below the melting temperature of a workpiece. 

[0016] A cutting plane line is supplied by the description of the approach of above-mentioned this invention in the end 
of heat treatment of energy, and a workpiece reaches an elevated temperature according to it. Therefore, the mechanical 
high stress which has the apex of local temperature occurs in a cutting plane line. By cooling of the after that of a 
cutting plane line, and weakening of the original glass of a cutting plane line, glass breaks along with a cutting plane 
line. This cutting is made very correctly along with a cutting plane line for the strong local maximum temperature on a 
cutting plane line. This correctness is required for high precision cutting of for example, the display industry. 
[0017] Since the edge cut finely is obtained, the mechanical fracture after heating and cooling processing has the 
additional advantage of the approach of this invention in an unnecessary point. 

[0018] In the field heated by radiation of V typeface by one desirable example of this invention, or U typeface, the edge 
part of the field heated by the radiation which has the strength of the radiation which increased is located on V typeface 
which carried out opening in the cutting direction, or U typeface curve, in one configuration for the field which is **** 
(ed) by the equal distance from a cutting plane line, adjoins a cutting plane line, consequently is heated, both the flank 
of V typeface and/or U typeface curve or the leg is heated by the apex of the strength which the front face of a 
workpiece looks like [ mutual / which amounts to several mm ] comparatively and by which it was ****(ed) greatly, 
and, thereby, it exists among both apexes of strength [ the minimum point of local temperature ]. The minimum point of 
this local temperature decreases increasingly by mutual approach of V typeface or U typeface curve in the back end 
section of the field heated by radiation, namely, goes up in the edge of the field where the temperature of a near [ a 
cutting plane line ] is heated by radiation, and, thereby, reaches the apex of the local temperature on the front face of a 
workpiece. However, the apex of this temperature is still lower than the melting temperature of a workpiece ingredient. 
This kind of radiation heating field causes uniform heating of a workpiece in the temperature below a melting out 
temperature covering larger width of face and the larger depth in the field by which the apex of strength is ****(ed). It 
is applied to the heated transit way which was obtained by carrying out direct cooling by the fully cooled mechanical 
contact head which has the greatest strength on the liquid and gas which are not applied in the radiation by which it has 
[ in / on a center section and / in especially this / the first part of a radiation heating field ] the greatest strength, or a 
cutting plane line in this way. This cooling generates contraction of an ingredient. On the cutting plane line greatly 
combined with ****** cooling similarly in effect to the cutting plane line, the mechanical stress high in comparison 
which has a powerful and local apex occurs in a cutting plane line with heating of large width of face rather than it has 
the apex of temperature. Therefore, the workpiece which has large thickness can be cut finely. According to the 
experiment, it became clear that the glass plate which has the thickness to 1 .1mm could be cut in the stable mode. 
[0019] If the width of face of the radiation heating field of V typeface or U typeface is in within the limits from 0.5mm 
to 2mm, it is advantageous. The die length of a radiation heating field can be made into within the limits from 10mm to 
30mm. These dimensions are divided, and they are set up so that it may reach in a feed rate, the thickness of a 
workpiece, and the strength of radiation and uniform heating of the workpiece to the required depth may be offered in 
consideration of the property of an ingredient. 

[0020] According to one special example of this invention, a thermal radiation spot occurs by scanning a laser beam in 
the upper part of a workpiece. 

[0021] It is advantageous if a scan is performed at an ellipse form path. In other examples, it can generate with laser by 
the radiation heating field of V typeface or U typeface turning on and turning off laser, covering a beam, or removing 
electric shielding, and preparing a diaphragm or a mask suitable ahead of a beam. 

[0022] : which the equipment which cuts a weak ingredient, especially the flat workpiece manufactured with glass along 
with a predetermined cutting plane line becomes from the following - the optical means for generating a thermal 
radiation spot on a flat workpiece. This thermal radiation spot is symmetrical with a predetermined cutting plane line, 
and the edge part of a thermal radiation spot has the strength of the large radiation in comparison by that cause as 
compared with the strength [ that interior ] of radiation. And a thermal radiation spot has the apex of temperature in the 
back end section. ; in which said optical means has a source of thermal radiation, and at least one optical member - a 
thermal radiation spot by the means; thermal radiation spot which moves along with a cutting plane line and/or a 
workpiece A means to cool the part of the heated cutting plane line; Since an optical means and/or the source of thermal 
radiation generate a thermal radiation spot, it is formed. It agrees with V typeface or U typeface curve in which the edge 
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part of a thermal radiation point spot carried out opening in the thermal radiation point and/or the migration direction of 
a workpiece in the front end of a thermal radiation spot, or the tip of a thermal radiation spot by that cause. And the apex 
of temperature is locally arranged on the peak part of the curve of V typeface on a cutting plane line, or U typeface, and 
is below the melting temperature of a workpiece. 

[0023] According to the first example, a scanner can be used. Consequently, an optical means has two synchronized 
rotatable mirrors which rotates at right angles to mutual, two mirrors draw a laser beam on the surface of a workpiece, 
and a laser beam draws the path where V typeface or U typeface curved. Since both mirrors are driven synchronously, 
the driving gear of the mirror which both rotate is connected to common control and a common adjusting device. As for 
the rotation frequency of both mirrors, it is desirable that it is within the limits from 500Hz to 2000Hz as the cutting 
speed of within the limits from 50mm/second to lOOOmm/second is obtained. Cutting speed is influenced by the 
strength of the radiation used. 

[0024] According to another example of a scanner, an optical means has the mirror wheel on which the reflector curved, 
and the path where at least one U typeface on the front face of the workpiece with which the laser beam reflected by that 
cause is cut among one revolution of a mirror wheel, or V typeface curved is drawn, or it follows it. The rotational 
frequency of a mirror wheel is within the limits from 500Hz to 3000Hz in a desirable example, as the so-called feed rate 
is obtained. It is desirable that the laser which has the wavelength absorbed greatly is used for an ingredient. For 
example, it is used in order that a C02 laser may cut glass. A C02 laser generates the laser beam which has the 
wavelength of 10.6m, and is available by marketing. Typically, the maximum output power of laser is 150W. 
[0025] The strength of laser can be changed between each surrounding passage of the pass with which V typeface or U 
typeface curved so that the strength of radiation can be changed near the peak part of the path of V typeface or U 
typeface. The strength of radiation is adjusted so that the melting temperature of a workpiece may not be exceeded. 
[0026] The control unit for scanner movement which controls a scanner between circular cutting and cutting of a free 
form can be similarly carried out so that it may illustrate in a detail later, so that it may be adjusted in order to suit with 
the path where distribution of the strength of V typeface or U typeface curved. Instead of this scanner equipment, the 
radiation heating field of a request configuration can provide using beam molding or beam formation optical equipment. 

[0027] In another example, the laser in the TEM01 mode is used as a source of thermal radiation, it has the suitable 
diaphragm with which optical equipment intercepts a part of beam in this source of thermal radiation, and the edge part 
which has the strength of the radiation which increased by that cause is in agreement with the path where V typeface on 
the front face of a workpiece or U typeface curved. The TEM01 mode is offered by the resonance equipment of the 
proper of a C02 laser. The cooled metal contact head can be used as a cooling means. Moreover, reaction control 
equipment, a liquid injector, or liquid spray equipment can be used as a cooling means. 
[0028] 

[Embodiment of the Invention] Now, the purpose, the description, and advantage of this invention will be further 
illustrated by the detail from the following explanation about the desirable example which refers to an accompanying 
drawing. Drawing 1 shows the glass plate 1 cut along with a cutting plane line 2. The thermal radiation spot 3 of U 
typeface is arranged on the front face of the glass plate 1 moved in the direction of the arrow head of drawin g 1 (feed 
direction). 

[0029] The edge part of this thermal radiation spot that has big emissive power follows U typeface curve 4 of drawing 
2 . U typeface curve 4 is opened in the anterior part of a thermal radiation spot, or the front end section of the thermal 
radiation spot in a feed direction, the ellipse form where a part with the broadest gestalt of a thermal radiation spot 
forms the front end section of the thermal radiation spot 3 — it is mostly equivalent to one half. 
[0030] The edge parts 18 and 19 of both on U typeface curve 4 are mutually ****(ed) by the symmetry to the cutting 
plane line. Spacing of the edge parts 18 and 19 amounts to about 1mm in a before [ the thermal radiation spot 3 ] side 
field. Spacing of both edge parts 18 and 19 decreases toward the peak part 16 on the separation line 2, i.e., a cutting 
plane line. 

[0031] In d rawin g 2 , distribution of the strength [ the three dimensions of the thermal radiation spot 3 ] of radiation is 
shown. As for drawing 2 , the wave crest of the apex of the strength of radiation shows that it falls in the peak part 16, 
and the local apex 17 to a cutting plane line 2 is arranged in the peak part 16. The strength of radiation is decreasing 
clearly inside the thermal radiation spot between the edge parts 18 and 19. The height of the local apex 17 must be 
adjusted corresponding to the thickness and cutting speed of a workpiece. The local apex 17 must be more higher than a 
low feed rate in high cutting speed or a high feed rate. Moreover, the local apex 17 must be adjusted according to the 
height of the strength of the radiation in a before [ a curve 4 ] side field. The local apex to a cutting plane line must not 
form the minimum point of a curve 4 in coincidence. The strength of radiation can have a loose apex or loose **** in 
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the peak field 16, when the laser which is not equipped with the electric power regulator is used. 
[0032] The profile of the strength of three radiation in alignment with three different cross-section A- A', B-B ! , and C-C ' 
is shown in drawing 3 . [ passing through the field (refer to drawing 1 ) heated by radiation ] The curve of the strength 
of radiation to cross-section C-C has two apexes ****(ed) mutually, and these apexes are clearly higher than the apex 
of both to cross-section B-B\ The apex of the strength of radiation is decreasing still more clearly in the peak part 16 
shown to cross-section A-A\ Only the temperature profile in cross-section B-B' has the small local minimum point in 
near a cutting plane line. The reason is that a preheating takes place in the surrounding large part of a cutting plane line, 
or a field by both apexes. This minimum point balances by the strength of small radiation relatively, and, thereby, a 
temperature profile has a peak price in the field of the cutting plane line 2 in the peak part 16. The behavior of the 
temperature which met the cutting plane line which has the inserted-in cooling spot 5 is shown in drawing 4 . 
[0033] The equipment which generates the thermal radiation spot 3 is shown in the glass plate 1 at drawing 5 . The 
cutting plane line 2 and the increasing U character die-bending line 4 of the strength of radiation are shown on the front 
face of a glass plate 1 . A laser beam 7 and the laser 6 which generates especially a C02 laser are formed as a source of 
thermal radiation. This laser beam 7 collides with the rotatable mirror 8 which rotates around a perpendicular axis first. 
A mirror 8 moves a beam 7 forward and backward in a flat surface parallel to the front face of a glass plate 1. Then, this 
rotating laser beam 7 collides with the 2nd rotatable mirror 9 which rotates around a horizontal-axis line. A mirror 9 
moves the reflected laser beam in the direction of X forward and backward. The equipment of these mirrors 8 and 9 is 
exchangeable. A laser beam draws the curve of U typeface on the front face of a workpiece for duplication of both 
rotation movements. Common control and a common adjusting device 1 1 are formed in order to adjust rotation of both 
mirrors 8 and 9 so that U typeface curve 4 may be obtained. Control and an adjusting device 1 1 are connected to the 
drive which is not illustrating for both mirrors 8 and 9 by the control lines 10a and 10b. 

[0034] Mirrors 8 and 9 are controllable so that a laser beam 7 draws a closed curve on the front face of a workpiece. 
Laser 6 is turned on and off so that either U typeface curve or V typeface curve may be obtained. The cooling point 5 is 
shown behind the field 3 heated by radiation, although it generates with the coolant gas emitted from a spray nozzle 12. 
This spray nozzle 12 is connected with the supply unit. 

[0035] The workpiece is shown in drawing 6 . The triangular thermal radiation spot is arranged on the front face of a 
workpiece 1 . V typeface curve 4 has shown the part of the field which has the strength of higher radiation. Moreover, 
the peak part 16 is arranged on a cutting plane line 16, and this V typeface curve 4 has it. [ symmetrical with a cutting 
plane line 2 ] Since laser 6 generates this kind of V typeface curve, it is prepared. Laser 6 generates the laser beam 
which collides with the mirror wheel (wheel) 14. It is curving, and not a cylindrical shape but while the mirror wheel 1 
rotates on the front face of a workpiece, V typeface curve 4 generates the reflector of the mirror wheel 1 once [ at least ]. 

[0036] The sketch of the equipment which uses the laser 6 which generates a laser beam 7 in the TEM01 mode is shown 
in the (a) section of drawin g 7 . The diaphragm 20 is arranged between the laser beam 6 and the workpiece 1. A 
diaphragm 20 carries out the operation which covers or interrupts the one half of a laser beam 7. The profile of the 
strength of the radiation to which the front of a diaphragm or back corresponded is shown in the (b) section of drawing 
7 , and the (c) section. 

[0037] For desired mechanical large stress, in order that this process might cut the glass to the thickness of 1 .1mm 
completely, the suitable thing became clear. This was not possible with the technical level to current. Typically, the 
power of the C02 laser used is within the limits from 12W to 80W to a typical feed rate. The field heated by radiation 
has die length of 12mm typically in the feed direction which has width of face of 1mm. There are no fragments and 
fission parts of minute destruction and glass in an amputation stump edge. Although the crack or destruction of the 
almost perpendicular depth in hundreds of micrometers Fukashi was obtained by glass thicker than 0.7mm 5 it was not 
obtained by the approach of others which mentioned this technique above similarly. 

[0038] It is not caught by V typeface and/or U typeface which were mentioned above. Although this configuration is 
similar, it can be exact V typeface or not U typeface but parabolic. Moreover, in V typeface field 3 by drawing 6 , an 
extension or the leg does not necessarily have to carry out termination to a peak part. An extension can have the 
extension 4 which extends exceeding a peak part, as shown in dra win g 8 . Although V typeface leg 4 and its extension 
4a have equal die length in drawing 8 (a), therefore the crossover form (quasi cross-shaped) part is formed mostly, 
extension 4a in drawing 8 (b) is shorter than the V typeface leg or V typeface part 4. It is influenced by the material 
property of the proper of the glass cut which shall be used between the example of transformation (a) or (b). 
[0039] Typically, these properties are the thickness and the optical properties (absorption of laser radiation) of a 
thermodynamic variable (heat capacity) and glass. The following qualitative essential points are summarizing this 
situation simply. 
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Large .heat capacity: The die length of a short extension or a short part and heat penetrate quickly in glass. 

Large thickness: Since it is spread within glass, the die length of a long extension or a long part and heating need time 

amount. 

Absorption: Since it is spread within glass, the die length of a long extension or a long part and heating need time 
amount. 

[0040] the field according to drawin g 8 (b) in a principle - as a matter of fact exchange or ************ „ things 
are made (a short extension or leg). According to the appearance (geometry) of this radiation, glass may be heated 
quickly too much, namely, a local temperature gradient may become very high, and damage on glass may be caused. 
Since time amount is not required in order for heat to penetrate glass, glass transition temperature Tg is exceeded for a 
short time. Consequently, it becomes the fracture which is not controlled or crushing of the piece of glass arises. If the 
laser radiation spot or radiation zone by draw ing 8 (a) reaches in the strength by dr awing 8 (c) which has the apex of 
temperature in Point M similarly about the field by dr awin g 8 (b) and has a temperature profile, it is advantageous. 
[0041] The strength of a laser beam has the gestalt (Gaussian form) of a fixed gauss about a tooth space and time 
amount in principle. Supposing people move in the direction of the crossing of both laser beams along with glass from 
Point A to Point H, the following temperature behavior will be obtained. 
Point A: Glass is maintained at ambient temperature. 

Point M: Glass is continuously heated between Point A and Point B, and temperature reaches an apex in M This 
temperature is maintained below at the transition temperature Tg. 

Point H: Fall [ whether temperature is maintained between Point M and Point H, and ] a little. In this phase, heating 
goes to the interior of glass a little from a front face. The quality of cutting is clearly improved by flattening of a request 
of a temperature gradient in the direction which makes a right angle in the cutting direction or the cutting direction. 
The part 4 or extension 4a in drawing 8 (a) and drawing 8 (b) is linearity as illustrated. However, a part 4 or extension 
4a can also curve gently in principle. 

[0042] The thermal radiation spot of workpiece or the width of face of a field heated is clearly shorter than a thermal 
radiation spot or the die length of a field heated, while a laser beam cuts flat glass. In order to perform cutting which can 
be admitted, it is indispensable that the part of the front face of the glass arranged in a cutting field must receive a 
predetermined heating cooling operation between processes. Consequently, although the width of face of a radiation 
beam does not need to change even if cutting speed increases, the die length of a radiation beam must increase. 
Therefore, the narrow long and radiation heating field which met the cutting plane line is required for high cutting speed 
required for high-speed cutting throughput. To width of face of 0.5mm thru/or 2mm, the typical die length of a radiation 
heating field is 10mm thru/or 50mm, and becomes smaller [ a more advanced precision activity ]. 
[0043] As long as straight cutting is performed, in the radiation heating field which extends in a longitudinal direction, a 
problem does not generate cutting. Moreover, for a certain application, cutting must be performed along the path where 
predetermined curved. Cutting of this form is also called cutting of a free form, or curve cutting. This form needs to be 
curve cut in order to cut the aperture by the side of before an automobile, and the aperture on the backside or to make a 
large hole with a flat glass plate. The engine performance of curve cutting of this form needs to pay special 
consideration. 

[0044] The width of face of the field which occurs on the glass with which a thermal radiation beam should be adjusted 
in curve cutting according to a curve cutting path, and the maximum mechanical stress should be cut by that cause, and 
is heated must be kept small. In that case, it can carry out in curve cutting by the thermal radiation beam to which only 
the small radius of curvature for the cutting extends that it is also in a linearity thermal radiation field in a longitudinal 
direction. To larger radius of curvature, curvature is obtained only by the linearity thermal radiation beam with which 
die length decreased. Finally, only low cutting speed can be carried out. 

[0045] It is indicated by the international public presentation DWO 93/No. 20015 and/or the international public 
presentation WO 96/No. 20062 official report which the equipment which forms the field heated by the radiation which 
extends in the longitudinal direction for cutting glass mentioned above. In this equipment, a thermal radiation beam 
curves in accordance with the local configuration of a cutting curve, and, thereby, the minimum change from a cutting 
curve occurs. However, as a practical question, since this equipment operates by the static optical element which 
permits only change to which the thermal radiation beam was limited, well-known equipment can be used only in order 
to cut a round shape. The reason is that a round shape can be cut with fixed radius of curvature. 

[0046] If the material or glass plate of PKW glass for mirrors is guided at high speed, fluctuation of the radiation profile 
in the high speed under cutting is impossible with this equipment. 

[0047] In the aforementioned approach performed by the equipment shown in drawin g 5 for cutting a weak ingredient, 
especially the flat workpiece which consists of glass Since the thermal radiation spot for cutting is generated by 
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scanning the thermal radiation beam above the front face of a workpiece by the optical element which moves An 
approach must be performed and equipment must be constituted so that the thermal radiation beam adjusted according 
to the configuration of curve cutting carried out can carry out in curve cutting. 

[0048] The control device 1 1 shown in draw in g 5 suits or adjusts the profile of the scan thermal radiation beam 7 during 
curve cutting according to the configuration where the cutting plane line 2 curved. The thermal radiation beam 7 can be 
rotated within the limits of 360 degrees by changing the rotation condition of the rotatable mirrors 8 and 9 which make a 
right angle mutually and rotate mutually by connection of the control unit 1 1 for cutting a free gestalt. Moreover, the 
curvature of a thermal radiation beam is adjusted according to the local curvature of cutting so that it may illustrate to 
drawing 10 . The additional mechanical equipment for generating a thermal radiation beam with the curvature of a local 
cutting location and curve cutting is unnecessary. 

[0049] Since the curved radiation heating field is generated so that the main rocking movements of a thermal radiation 
beam may occur along with a cutting plane line 2, actuation of both scanners must synchronize mutually. In the 
actuation, the location of the cooling spot 5 to which a cutting spot is followed must be adjusted according to a local 
cutting location. Since a mechanical slewing gear is this purpose, it is prepared in scan optical equipment. 
[0050] Dr awin g 9 is the block diagram having shown arrangement of the whole equipment by this invention including a 
related control means with schematic drawing. Since the thermal radiation spot 22 which has the cooling spot 5 which 
follows and which curved on the round cutting line 23 on a workpiece 1 is generated, block 21 shows the scanner block 
containing the control device 1 1 of dr awin g 5 . A phase 24 is a well-known path controller for cutting processes. The 
controller blocks 21 and 24 are mutually combined by the main control unit 25 so that cutting by the optimized thermal 
radiation beam can be locally carried out with the curvature in cutting of the free gestalt which has the cutting radius 
which changes locally. 

[0051] Drawing 5 is one desirable example of the equipment by this invention. Scanner equipment is formed roughly, 
this scanner equipment makes it possible to draw the suitable 2-dimensional change in movement of a thermal radiation 
beam, i.e., a thermal radiation beam, in two dimensions on a workpiece, and change of the generated thermal radiation 
beam makes it possible with a control engineering means. 

[0052] Another 2-dimensional operating set can also be used instead of the 2-dimensional scanner by drawing 6 
containing two rotating mirrors 8 and 9 which were pivoted. In this scanner, the mirror which is used in order that one 
side of the scanner axes 8a and 9a may rotate along the cutting directions 2 and 23 regardless of the cutting directions 2 
and 23, and rotates perpendicularly adjusts the radiation profile of V typeface, U typeface, or an ellipse form along with 
the local curvature of a cutting path. In this case, the whole scanner unit is freely pivotable mechanically at the include 
angle which is about 360 degrees. Especially, in one example by drawi n g 1 1 , the dynamic consideration which needs 
this scanner axis is made. The reason is that a scanner frequency is only the one half of the frequency of the scanner axis 
which acts in the cutting direction. In order to draw the cutting head which has a scanner along the curved cutting way, 
it is required to attach a scanner in pivotable bearing. In that case, a scanner can be rotated with it on a basis the cooling 
spot 5 and fixed-related within this supporting structure. 

[0053] With cutting speed high in comparison, while the treatment of the above containing this invention cuts the flat 
workpiece manufactured with the ingredient with weak, especially large versatility, especially glass for cutting the 
configuration of predetermined arbitration, i.e., the configuration of a free form, it is obtained. The description of others 
of this invention is the point of offering the scanner equipment which has the optical element which makes large 
variability for the gestalt of radiation possible, enables accommodation with the adaptability of the thermal radiation 
beam which has the thermal radiation spot which extends on a cutting plane line at a longitudinal direction, therefore is 
high-speed and enables cutting of the configuration of arbitration especially, and which moves. 
[0054] The thermal radiation beam and/or cutting field which change most broadly can be generated with above 
equipment. The radiation beam of curved U typeface or V typeface is shown in drawin g 1 1 and drawing 12. Thus, a 
thermal radiation beam is offered in various configurations and modes. 

[0055] It is made for a radiation beam and/or a related thermal radiation spot to have the curved path B where the 
thermal radiation beam was shut on the front face of glass drawn in dra wing 10 . Moreover, a thermal radiation beam 
approaches it along with a cutting plane line 2 fundamentally, carries out rotation movement and moves, quiet to a 
cutting plane line 2 - perpendicular - it diverts and movement (deflectingmotion) is imposed on this rotation 
movement. The curved path B shut as the thermal radiation beam which generates the thermal radiation spot 4 
illustrated is generated. This curved path B engages with the surroundings of a cutting plane line 2. While passing the 
surroundings of the path B where the source of thermal radiation curved, it is controlled by the location, but the power 
of the source of thermal radiation is zero mostly, when arriving at the location of a before side scanner in the cutting 
direction A. Therefore, when the radiation profile of U typeface or V typeface controls the source of thermal radiation, it 
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generates. In fixed output power, this source of thermal radiation will generate the radiation beam of an ellipse form. As 
another mode, the radiation beam profile of U typeface or V typeface can also be generated, when a diaphragm or a 
mask is used to the radiation beam which has the radiation profile of an ellipse form. For this purpose, a radiation 
absorption diaphragm or the same member can be arranged in the path of radiation. 
[0056] Except drawin g 10 , it generates by rotating by turns on both sides of a cutting plane line 2 covering 
predetermined die length so that it may not rotate in the mode through which the thermal radiation beam of curved U 
typeface or V typeface circulates around the path where the thermal radiation beam was shut but may have a reverse 
loop formation at the next starting point of a curve 4 by draw ing 4 . Since this kind that has distribution of 
predetermined strength of thermal radiation spot is generated, the power of the source of thermal radiation must be 
controlled. Generally, the frequency of a scanner is twice the magnitude of a direction right-angled to it in the direction 
of a cutting plane line perpendicular to a scanner in actuation of the scanner of this format acquired by migration of the 
beam profile of U typeface on a glass side, or V typeface. 

[0057] German patent application 197th for which it applied on April 14, 1997 15 The 197th for which it applied on No. 
45 [ 537.5 to ], and August 12, 1997 34 The contents of an indication of No. 45 [ 823.8 to ] are clearly included by this 
specification for reference. Such German patent application is making the basis for indicating invention which charged 
the patent to the claim indicated and attached to this application specification, and asserting the priority of this invention 
by Article 43 of Patent Law. 

[0058] As mentioned above, where the approach and equipment which cut a weak ingredient, especially the workpiece 
manufactured with glass are materialized, this invention illustrated and was indicated, but since various transformation 
and modification can be carried out without deviating from the pneuma of this invention, it does not have the intention 
of this invention so that it may be limited to the illustrated details. 

[0059] The aforementioned explanation fully shows the summary of this invention which can be easily [ because of 
various applications ] adapted in this invention, without omitting the description which constitutes clearly the essential 
description of the comprehensive aspect of affairs of this invention, or a specific aspect of affairs from a viewpoint of 
the conventional technique by the knowledge of the present [ people / other ], without analyzing further. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 



[Drawing 1^| 




[Drawin g 3] 
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[Drawing 4] 





[D rawin g 5] 
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6*ifciWEJWP^>Ry h (5) «MBfc»M-S#a*« 
x:T v ^ 5 if #g 2 8 iOEftoXa. 

l*W©#ftftIIMII] 

[0 0 0 1 J 



©#8*3*161-* fc * ©SSftfcBW 

[0 0 0 2] 

?**««1-<5WI!©#8stt, *t?^**>fe©«*»K: 

*1"fc£T6 (#§?&#) tfS 

MiifeU ftoT, ft£&Jca>£9©gffi#&lSKft 
S. *©5*, 9«**"f#**"t6Wte4-f*«/h* 

[0 0 0 3] &WK3&±Lfcfc#:fc.i:U ! £<H&BL-C# 

[0 0 0 4] 3»?^lc*#*-r«rV^**8cH:, 
Hi, 244, 3 4 6*nm£Ha*$ftTV*S. *«> 

[000 5] ^HWSff^ 1 . 43 3, 56 3 ^^aBStC 

[0006] 25 oicoaxtr^rrsynrsj^WK 

•fe^iS hV y»WK4 , 4 1 1, 0 3 7 -§-WifiBS»CfB« 
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9, 8v*«0©9loft#ftl > «rtt4*tiK:jft£&il:S. 3. 
©*#«*». «#ft»JRf«** fctt!?*^K: J: 5 » 

[0 0 0 7] #B4$fffff5, 2 3 7, 1 5 0-f-HfilftK: 

if if- a wt y >w?h 9 , **uc <t 9 i-'-if if- a© 

^A^teXsft (point-l ike) tOU— f If- 

Jfc£*v3 0 y^#©tf-A|*, fltt*0IKtt.lc&oT 

r§]»rAj ("cutting point" ) HT 

iasf-ra r^j ("point") fcSjvcv^©-?, 
#fe.tvfc^sKs/ Hat, y >y&ox#y vow&oz 

[0 0 0 8] y -yy*:— KTEMo©!/- tftf— AdS|^ 

100624 8 4 ^gilfl^KiEfi©#i£l;::}3^-cri, a 

A# jft© <fc 3 £ 5 £ m £ ©^*ffid* C ©£ fcjs 
v^T-g-^-rs. u—f s K'-Adsjnxf n ©^ffiJiic:*^$ 

Wi, #*K<fc9B**$i-tS. 
10 0 0 9] K^lXB^PI&«i$4 3 0 5 1 0 7^fi. 
U ? * £ i>~ f tf- A "C«»f1- 5 *i£*3 «fc CKKBtc 19 

ffl1"5o ^^©ge-CHaEtilfciS: (+0. lmm) 
l*l>fce>£*vf\ §J»f«!i{4iiiii*©if-A©^tTlS©WSr 

[0 0 1 0] S8k&|»W0 9 3/2 0 0 1 5 -f^fgClSe 
©#&tt, ^JB«W^^-CKac/i«##T*fc 

*©5;i, c©*ffitcfcMt5§J»iiK©^tt 

u-iFfciSJnSI&ri, *in^©«IBfffiSr 
*U *ftfcJ:9^®lS©#**#*##®K&v^ 
BBrt-eief, *ftKJ:9J3fflS#a»e>**a^©mgas 

wwiwii^i-sfcft-e&s., *Dxf 0 ©ttfS»cj;t)JDxa 



[0 0 11] E68&MWO9 6/200 6 2#&«|:i 
yUEioT. ^©«W»fc»oT«W^a;&t&WE 

«aatx#y Hi, *©iMB«ic*v^a«© 

3 ti«. r*te>©4*»±. ±4*ac©»* 

[0012] r©&*n©»frfctt, #p«*^ttl»n»© 
AHIMMIW. t&n^©rt«iJfcScl*©&$©£teffi£Wt 

r© r«nrx*y hj Mmt-m&mu -r 

ffiR^©*fJiSeiJ^J;O t ««SaJ^i3V^T3?MtT 
vn§ 0 Uk>ME#&. «©fc»tc^©BIR&M&«©B 

T^CSo ^^41l**«n»©fflWtW©tt«lER 
mfi*T*J9» **itt, «5*«»r©fc«), -9J»f*l©3fi# 

[ooi3] *&mc&^tommmmt&c>'t>$M, t 
©ansa»S!j»»©ftire*»ij:i*<, k a&»McK 

*©*Ml©T-efEK:a»S*tTL*3. ^©5x., -© 
*^fe(C*5^^Ttt, 0. 2mm*-C©J5$Sr^r-r5^f7^ 

©«» Lri>-et *v\ ififffijs & «i 9 iisv ^»<e if- a 

L*5« iOJfV^^©^?^©*!^^^ 
«©*«lfti-*. 
[0 0 14] 

[HJS«r»*1-5fc»©#S] *»W©-o©B»tt. 

0. 2mmi9 t>**VW£ 
**ilB, ^7X©^*fc{4^S!!*^-f5rt'i<W 

5. *©5*., fllv^5x©»^KH:» ^©^ffiT^b 

[0015] *^ffi(riixa, lftvvH-», ^jc^^x-e 
«ffiSii > fc¥«'S5»xaSrBBe©«I»fillK:»or«»H- 

a) iwat^#y h©««at»**©i's«iJ©jfc>t©ii* 

SfcW^jK-y h©«««Jlc*s^ra«©*i«A*r*i-*J: 
5 fc. 9J»f^5r«J»f«U-*t^©?»ttlt^^ y h «t 9 - 
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c) IS a) 0imKZ9MlZh1t9NM<i>1&»t:l1t 

t»*fcttu#g8©*» (4) ir-g-gtU A>oiSof 
i»W«Lh©v^K*fcl4U^Bo*« (4) © 
tr-*»£±fc:JB«ttfcEilS;ft, a*oiillIA©*iHB. 

[0 0 16] ±B©*«W©*aE«)W«K:J:oT, a* 

s©$dro£ twMitosio©* ? *©sfl:e ±ot, 

±©*VMI»ttfc*iMUt©fc©fc» UWf»fc»o-C« 
[0 0 17] *JM©#8^titttt&¥UAf*. #MMc 

[0 0 18] Lv^-*limi!: J: *v*»* 

fc#ctt©& £ «r*r+ 5 tUfeMR $ ;ft,£$i&©ffil§tl»# 

MRU *©*£*, inilSft5«*©fc«>©-o©*R 

Sfcifcttfifc*£ < MVS*ifc9ft£ ©*K£C J: 15 
$*u **tfc <t 9 JMStt*S*©*^#B* ©*flMt 
oW3Ero«ic#«Ei-*. t©JWW&fc«*©*to»ctttt 
*t-e*nflft $ ft att*©lftMNNc*sv >t v*»* fc ttu3= 
^ft&©1si:©&ifiK<fc9£1-*1-»'>u Tt£t>t>, 

©•flute**-*. u*»u4*e>, ^©m*©*** 

tt, toXft*m©^«*J:0t>ft*i:UC«v\ i© 
«©ttttAHiMnKtt, mi* ©*«/»**«« *nrv^*«i 

fiHT©a«l!:J8v^TJPXfi©ifii— 4fti«*t>*fir."f-. 
rtttt, «p*«fc::fcv*T\ Wc jfiU4ffl9IMHt©$Ii£>© 

fB&£#wr *©ft*©as ft«i-s«afTftt*>r »* 

b*v\ ir^, t^tti»IWI±K:**©S*3fc# 

r©»»fcttffl©il»B**£-r5. 9»rllic 

fc. «JBfi»±lca«©m«Sr ; e-r5<l:!9^tv>ffi©*D 



*«. SMHcifrttf* 1. lmm*-C©J? $Sr#-f5^ 
Lfcfl§t8-t?tj0»rf 5 £ i **-C* -Sit *W 

[0019] v^Sfcl*u^©*ytiPf»M«©<S 
14, 0. 5mmfl»&2mmST©t6fflrtk:ifc5fcWffJ-T? 
fo5„ SfcltJDlft««©g*H:. 1 0mm*»e> 3 Omm* 

■e©«Hrtii-sr4is-et<5. m£>©^mt, to 
fett, SQXft, JPI B ° B ©J?$, adt©3l*»J:tWfl- 
©#&£#« LT. *-C©»Xfi©i»-4iP 

[0020] **W©»*©-iafc«K:J:Wi, ^—^ 
if-Attmift©Jb#-Cj6^*£fcK:J:0, 8&8clt* 

[002 1] sMEJiMtnjRlll-Cffbn* 

5, *©«i©ii;5S0!iu:*5^T«\ v4gg£fciiu43g© 

-if D 3B£1"5 r. t tftfrS. 

[0 0 2 2] *V*t*k #fc#?**«»4ftfcq££fc 
10Xfi*r3f3£©«I»»l£»oT«l»M-SJWH:. &©t> 

5fc*©ft3*m r©J»*W^#y hf*Fr5e©ijO»ri8S 
0 , *itfc <fc 9 JR»cM;*# y h ©ffigkg|$#!4 
^©l*9tP©iSr|t©3S$ fcJt*L-CH«ttfc:**v\Wt© 
B<S*#U nWU*^#y htt*©ffcJIM*K&v* 
■£&*©*»£*:*' U WI23t^#^ttllftJfeJtilSi:'><C 
< i fc-o©3t^W t ittZ ; «ttfcJt^Jl?y h £§J 
f9fiSi*3j;t//*fcttA0X I a^?&-Dr^ib1-5#© ; Mtfc 
hfcJ:9*MI!l**tfc«I»ll©«»*?W*1-S# 

h ©m^^RU^^ J: V/«^»ttXA©ll(lb^ 

on*©****, «KfH±©v*»*fcttU*i8©tt 
M© tf-^ »»±fcH««jKE* * n**o»I*©»ll 

[0 0 2 3] JS-SSfcWfcJ:^ *«3SfiSrffiffl-f-5 

»-f-»-o©BIJ(MI:Sttfc0»prtB*«fc«-L, Zoo 
^ttu-iflf-ASr*DXfp©«ffi{c:^tx tf f-A 
ttV43B*fcttU**©»ttLfc«»fcli<. i3^*©^ 
SrW»L-C««r5*:»K, W*©BiW5«©«»« 
«*^©«M*±tWmBHllca«*li-Cv^*. i^* 
©j^©lH]SI)^iR»tt5 0 mm/»*»fe 10 0 0 mm/©> 
StfOttBrtOWWWC^Wbn** 5H5 0 OH z*^ 
P>2 0 0 0Hz*-e©|6Hrt'e*)5ri:^jj*LV\ 
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[0024] £&&m<D%\i<»nmM\zz*itt. 

&$. UV^|ll6^ic:*3^^T« 500Hz 3000Hz 

i-ai'— sn*rfca»#* lv\ ^J^tf> co 

ai'-iFa^* £18^1-5 fcfticte/BSftS. C0 2 
u—imiO. 6m©&6£W1-5l'-1ftf-AiHg£ 

[0 0 2 5] U-tfoaSHu v#g**fc 

n u*»©a*© f - * sb#© ttifi-cs *. e r 1 t> * -c * 
4Hr©auB©nHic*3E»rtB"e*>s. mt<o&$\*. mx 
[0026] v*gg*fcttu#gg©a ft l 

±tfBafcffi£©«»©IWfc;***^fcMIM-***-lr 

«Kioi[^niT*s. £©**++*«©!&»*> 9 ic, b? 

[0 0 2 7] glJ©3IJSWC43V^tt, TEMOl^-K 

5S^^!JSJPX B 0 B ©«ffl±©V^*fcftU^©^ 
ftLfcilKt— Sfc-fSo TEMOl^-KIl, CO z u 
-1f©HW©#«K«fc:J:9iifJlcS*u3. &£P£*u;fc& 
*«©8Sflfc^y KfcfriP^&fc LT&ffl-TSr 

[00 2 8] 

[«n©*lfe©£1R] *-C, #38W©Bfcl> #®*5«fctf 
WAtt, SsttEIB£#l$LT©0£ LvgUfeftKioirvC 
©«T©RW*»fe*6>K»»K«*S*iJ:5. BlttS) 
»rl*2fc»oTflWSilt5J<f?*«l *r*+. U?3#© 
HWW^#yh3*, H1©*W©*IrI G£9;frrSj) K 
fMfcSft5#?*«l©«ffl±Jce«S*b<5. 
[0 0 2 9] ***JWM*fctfr*=.©*rtMt*#5' 
h©JHMBfttt« ^©US^iMMfcfcifS. U*» 

tt&HitttoxXy h©«W9«lc*5V*Tlll!vvo^ 0 f^fife 
ft**? h©J8t»±, »t>«J£©»»*HIWUt^*y h 

3 ©«r«itt«^A'r «wn«©istf^icnsi-«. 



[0 0 3 01 US*W**4±©H*©«WU» > 18, 1 
mift 18, 19 ©MUtt, *ttttt*#y h 3 ©ffl«ff 

*fc*5vvc« i mmic^-rSo is5#©iK&8B# is, 1 

6 fcfio TUMI'S. 
[0 0 3 1] H2fciS^T. *MUt^#y h3©H#C7t 
©**©**©£*** LT*>5. 0 2H:^clt©3a$© 
ftKjSwjHR* tr-^*» i 6 icas^-cttTI-i £ t £ 

U#18, l 9©M©JWklt^#y h©rt»-ewb*>ic 
JfefrLTVVB. JRAft&ftjftAl 7©ft£t£, Jipxfi© 

WraUK* fc ttSW JMtfcfcv *T J: 9 i* < * IttUf 4 fe ft 
v\, *fc, JBttti&ftifeft l 7 tt. dMfc4©tt4IMtlc 

*s rt 6 Sfctt©® $ ©^i $ \c&t>#xm®i $ ix ft tttu tf ft 

»4©*tt**»*LTHtfte>ftv\ «at©!l*H:, « 
*«W»*«*.TV^v^ ^ffiffl SftS 1 f ttt, 

[0032] mtxtiamziiz>m.m (bi#hd *>i5 

ZOWgftSISBfffiA-A' , B-B' JSit^C-C' 
iCj"&ofe=o©^©3fi$©<i*|5«rig 3 {d^L-C&S. 
«»fffiC-C' ^»1-5^©3S$©ftil|H, ffi2tcfil 

n.$fiit-o<DMcm&zGu rnb©*iii^««iBrffi 

B-B' KjiM-SWircfrKAtOtWfe^KWv^ 8c 

filWrffiB-B' ^rt5aUKMW©^tt. «»fi^©f+3£ 
!C*3V>T/h$V^|f|5Wft*(SA^*LTV^„ ^©S* 
tt, PI*©**jfiiCJ:9«IIW(l©*i3 9©l£v^5», * 

ttfc/h*ftJk«©ai*K:J:0¥«*n, *nKJ:0Wt 
H¥Bl4tf-^g6^1 6fc*J»**9l»fil|2©lWlJi*JV^T 

SJWiKfto fcjas©#ibsria 4 ic^ ut**. 

[0 0 3 3] i!f9^«lK:«Wf*^*y h3£3g£1-5 
StB*H5l!:*tr*>8. »WI»2*J:tWt*1-8»it 

©^$©U^fti8|4Sr^7^«l©^B±tc^L-Cfc 

A7(±, *1\ Sit«UI©«i>9K:|Blftt*BlbWttft 

i8ti??t5„ M8»±, lf-A7*^7^«l©*S 
icWft^B^-CW^tc^Srrs,, ^r©«, r©lsi^-r 
5v-iftr-A7f4. *iFWtft©Si3 9k:|liarrsjB2 

©H»i>re4*9 twer*. «9«, swstifcw- 
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lis, u^fft 

fcftlcBWfcftTV^o M»*J«tU?PS^ISl lf±. M 

»Hl0a, 1 O biCtt), W^(D^8*J«tV90Dfc«) 
[00341 &8#£V9\t. U-1ftr-A7iM«Ift 

[0 0 3 5] JPXfoSrSl6^L-C*>5o SPXfpl©* 

6^»fiiii 6±mm3*u ®mm2\c*m 

i-fflif £*l«-CV^„ if6f*, m&J—A' (whee 

i) 1 4 tm$k-rz> u-if f-ASr^-rs, &*>r- 

/HCSWffifi. n«*t?M:4<, ifftLT*5»J. 

-r-/u i isjnxaw^®±-eiHi«i-5Wicv^ftiii4 

[0 0 3 6] if fcT— A7SrTEM0 1*— 
1"5 if 6?;fffit5ff©^yy^@7(D (a) 
gCiC^LT&S. y-<T77A2 0>SS^— iftT-A6t 
JPXJftl fc©BKKlt$nTV^5. ^T77A2 0 

©^^O^n 7x^/^0 7© (b) S&feitf (c) U 

[0 0 3 7] mm<D*z ^mwbte&txDtLmz^ 

#V*Ttt*ttfcttl 2 mm©** «WHMftK 

*fcttfiS«^0. 7mm«fc9t>JP^#7*li:#<b*l5 
[0 0 3 81 WJ6LfeV*»*iJ:W/*fcH:U^gWci: 



lElMIWSaWttfc^. 08{;^1-«k5 

fc#T»#S. V*«»P«4*Jj:V*©JHMB»4att. 
08 (a) lC*JV^Ttt*U^*S**U tfcoT, IStS 

(quasi cross — shaped) 
*r»J*UTV»6#» 08 (b) fctttfSJCJHMHaM: 
*©V*gWTO*fcttY*JIH»M <fc 9 |>«v\ 
(a) *fcf* (b) ©if%6^«[fflSit**»lt, SJBrS 

[0 0 3 9] r*l&0>*tttt, ftfcttlCH:, (RiA4%fc 

■c*m*i- s jt » t b# n z am t -r s . 

[0 0 4 0] JHflfcHu 08 (b) lc«fc3^«f*, 

filfBSfcttPlfR) o ~<Dim<Dt\-M (g e ome t r 

y) kj:o» *7^!»ii«KaatKjnj»sji. 

Otft^CS. S8 (a) Ki5l/- ifSclt^^y h 
M8 (b) fciSWHcowrfclill 
«K, jSEMK48V^fi*0*KA**i-5H8 (c) lc 
i Stt $ *5 £ tflSJcy n 7 r -f /Hfe#r 5 1 *fiJ-C*> 

[0 0 4 1] u-1ftr-A©?S$tt, JUlJtUT. ^ 
-*43±traWfcMLT— Jfc©Jlfp*©JMR (Ga u s 
s i a n form) 5rWUTV^5 0 A* 5 ^A^>b^H 

08 (a) *3,tO508 (b) (Cj3»t5SP^4*fcttSfi 
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[0 0 4 2] MXIfaiDmWctoxtfv h-£1t\SM®,£fl5 
Sm. h*fcttill«!l*ti*«l«©*4J:0 
««rtteE**nfcilf?^©*iB©ilBf#^o*^olllI 

**r*-e*a. *©*§*, *j»f-Ao(gi*, gjBraa 

Ht**Ufcrtft«4fofcv\, ftot, ilijigjBr&S!*© 

SW'iCSStt^ 0. 5mmft^L2mm©<gK:*f-L-tl 

[0 0 4 3] imc«tt»W*f?4to;h,aiR0. ^Brttft 

&5M^-C?f±, «m»3r£©ttilblft:attl::fto 
TtftoJwfcrtiitfttbftv^ r©ffl5£©9«rt>*fc. £ 

XoMttiORftt, eib*«>milOft43J:tnMI«>]k<r1» 
KUfc9, ¥Sft;tf?**fcJ:9**VMKfcBltt6fc* 
Jc4Wc*«. £©££©Ndiittmff©ttttH:« #B"J©at 

[0 0 4 4] mkkiz-j»it, mmwmc&^x, m& 
nmmxvi'&&txwm s n **uc <t o «*©««&& 

©*#** < ftfcftft rtiitffc b*v\ * ©#££«, 
IttWMWWWK-Cfeor, *©W»^fc©©**v*aMi 

[0 0 4 5] ^5^Sr9IKi-«fc»©fi#*i«iilJ:JBaE-f 

&SDWO 9 3/2 0 0 1 5^-*5±U?/^fc«:H^P 
WO 9 6/2 0 0 6 24f^$8K:fB«£ft-CV'><&. Cl©g 
BCdav^Ttt, JB^ir~A#9KiHiJft©miWfc£tt 
KfcoTifftU *frfcJ:9»»iMlfr6©*/h©»b 
#8&tS. LA»L4«Sfe, r©§gRlif?&Jfcltir-A© 

*rtN5fc*K:©*4fcflH-*£ fc^T?**. ^©86l±s 
[0 0 4 6] fcLt>&#©PKW#?*©iiittl£fctt# 



ifoSo 

[0047] kv\h*k ftfc#?**»fca<5Jwa>Mipi 

ft tWWI-* fc©OBl 5 Kfc LfcggK i 9 ff^tiSflfr 
E©*ttlC*i^"CHt. «BWB©j|tfMt*JiKy htt, fMtt 

***t$£i:lcJ:9»£-*-6©'<?. SttSJiSfttttt 
»©JIWfc*b*TII»4n6JI«ltii'-A*»ft««f 

[ o o 4 8 ] El 5 ic^-rtifpm l l tt> IMHBK© 

hk «^2©»i«ibfc«ttK^t>*-cjaaRaatif'- 

A7©^n77-YA'i:a£l£fcttMli1-S. IKtKdtf 
iS*^JS©§JBfSrtT5fc*©{fiI#3liil 1 

«848±tf9©0IM)Mi*KEi-5ifctJ:9, 3 60 

• ©tefflft-cmSs-rsrtas-etSo iftjfcat tr— 
A©ft^(i. nio tw^-ra i o sj»©^«b8j4 

ft^)Wf©*^lc i 9 ISSftltK'-ASr^$*5fc*©# 

[0 0 4 9] W^C^^-Y-^OfWbH:, S&&tttr-A© 
**ii«3Mb*«l»fl»2fc}Bo-c»ti-6J:5, 

ftjp^^s' h5©fswara\ JMB»jw»»KflMiii:'fr*>*r 

[0 0 5 0] H9ttHCTSfflfP¥ft*6tr;ttt9!l::j: 

Ift 1 -h©RJ&*SU»fi&8 2 3 ±fc» ft LfclMMt** y h 
2 2*r**r*fc»tBB5©«If«ail 1 £"£tf**+ 
t^ny^^t. 2 4tt^9l©. ^OW^n-fe^ 
©ii!SfiJ«ISg-C?*?)„ MfPS^ny* 2 l3o£tf2 4 

tfti-SiBWiNlftWI-S S *4«MI©9l*K»rt 5 ft 

[0 0 5 1] E!5{4^^fci5^B©»*H/>-|llfe 

ft-»5c©»l:, -tt£t>*>. «ttMttf-A39Sjpifi±© 
fc«uWttr-A©»b!j»«fPX¥#«K i o wigjc-r 
[0 0 5 2] JW©-*5EHftiii*t>*fc, -o©®»rt 

©^t>9tcttffi-tsr jr^-ctd. r©^^E»fi^c^3^^ 

2 3b9mt£<Wm*fa2, 2 3K»oTia«rt-Sfc» 
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m&mm&i-tZo c ©»£>£», ?^ta=^ 
zmimzz 6 o* <D%BtKmmmz£mc®mzsm-z 

[0053] M*ttfcfcvMfl»iii*-e, 3f5£©ffi§c©iJ 
1"ftt>t»» B*ftS^«ttfc*J«i-«fc©©«fc 

»C #6>*v5c #3§W©*©ffli©#»l4> «Uto»tlo 
fc»©ttfc**v**flstt*T»f»cU S«r«Lhfc:ft#:*r 
HM::ttfe"*-**MJclt*#y h**i-**ttMttf-A©l« 

[0 0 5 4] *ti£ttBk:aMrt-5«aicltif-AdaJ:t? 
/*fctt*«PffMHt, ±B©3HWi: J: 0 

1 l *5J:tf0i 2}c^LTfc5o r©J;5i*:f» 
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